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ELECTROSTIC DISCHARGE PROTECTION
DEVICE COMPRISING A PLURALITY OF
TRENCHES

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present 1nvention relates 1n general to protection
techniques used 1n integrated circuits. More particular, the
present invention relates to a electrostatic discharge protec-
fion device and a method for fabricating the same.

2. Description of the Related Art

Electrostatic discharge, hereafter ESD, 1s a common phe-
nomenon found to occur during handling of semiconductor
IC devices. Electrostatic charges may accumulate for vari-
ous reasons and cause damage to an IC device. Damage
typically can occur during the testing phase of IC
fabrication, during installation of the IC on a circuit board,
as well as during the use of equipment into which the IC has
been 1nstalled. Damage to a single I1C due to poor ESD
protection 1n an electronic device can hamper its designed
functions partially, sometimes completely. Research 1into
ESD protection for semiconductor IC’s 1s, therefore, an
important 1ssue.

Those skilled 1n the IC art know that ESD 1s explained by
four different models. The first such model 1s the human-
body model (HBM). It is set forth in U.S. Military Standard
MIL-STD-883, Method 3015.6. This Military Standard
models the electrostatic stress produced on an IC device
when a human carrying electrostatic charges touches the
lead pins of the IC device. The second 1s a machine model
(MM). This model is set forth in Industry Standard EIAJ-
1C-121, which describes the electrostatic stress produced on
an IC device when a machine carrying electrostatic charges
contacts the lead pins of the IC device. The third model 1s the
charged device model (CDM). This model describes the
ESD current pulse generated when an IC device already
carrying electrostatic charges 1s grounded 1n the process of
its handling. The fourth model 1s the field induced model,
which describes the electric potential mmduced 1n an IC
device when 1t 1s placed 1n an electrostatic field. The electric
potential may produce an ESD stress in the IC device when
the device 1s later grounded during handling.

Referring to FIGS. 1 and 2, two ESD protection circuits
widely-applied 1n integrated circuits 1s schematically
depicted. In the drawings, an mternal circuit 1 and an
Input/Output pad 2 are connected together via a conducting
line 3. In FIG. 1, two NMOS (metal-oxide-semiconductor)
transistors Ml and M2 build up the ESD protection circuit.
As shown 1n the drawing, the first transistor M1 has a pair of
source/drain regions connected to a first voltage VDD and
the Input/Output pad 2, respectively, and a gate connected to
a second voltage VSS. The second transistor M2 1s provided
with a source and a gate tied together and connected to the
second voltage Vss and the drain connected to the Input/
Output pad 2. In FIG. 2, two diodes D1 and D2 are utilized
to constitute the ESD protection circuit. As shown 1n the
drawing, the first diode D1 has an anode and a cathode
connected to the Input/Output pad 2 and the first voltage
VDD, respectively. Morecover, the second diode D2 has an
anode and a cathode connected to the second voltage VSS
and the Input/Output pad 2, respectively. Usually, the first
voltage VDD might be an independent voltage source of
5-Volt or 3-Volt, and the second voltage source VSS might
be a grounded node.

Referring to FIG. 3, the MOS ftransistor Ml or M2, as
depicted 1n FIG. 1, conventionally fabricated in a P-type
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semiconductor substrate 3 1s shown 1n an elevated cross-
section view. The conventional MOS transistor consists of:
field oxides 30 formed on the semiconductor substrate 3 to
define an active region 300 therebetween; a stacked gate 33
provided with a gate dielectric layer 31 and a gate electrode
32, from bottom to top, formed on the substrate 3 within the
range of the active region 300; and a pair of N-type
source/drain regions 34 and 35 formed in the substrate 3 at
opposite sidewalls of the stacked gate 33, wherein source/
drain region 35 has an area larger than the other source/drain
region 34. Making use of the enlarged area, the source/drain
region 35 can immediately discharge the ESD current to the
substrate 3 so as to protect the internal circuit 1 from ESD
damage during an ESD event.

Furthermore, referring to FIG. 4, the diode D1 or D2, as
depicted 1n FIG. 2, conventionally fabricated in a P-type
semiconductor substrate 4 1s shown 1n elevated cross-section
view. The conventional diode consists of: field oxides 40
formed on the substrate 4 to define an active region 400
therebetween; a N-type doped region 42 formed into the
P-type substrate 4 with the range of the active region 400 to
build up a PN junction along the periphery of the doped
region 42 as the diode D1 or D2. The area of the doped
region 42 should be large enough to rapidly discharge an
ESD stress appearing at the Input/Output pad 2.

However, with the trend toward miniaturization, the area
cither the source/drain region 35 or doped region 42 can
occupy 1s restricted. Therefore, there 1s a need for an ESD
protection device capable of effectively withstanding ESD
stress, but which does not occupy a great amount of area.

SUMMARY OF THE INVENTION

The present invention primarily concerns an ESD protec-
tion device capable of effectively discharging ESD current
during an ESD event, but which does not require a large
amount of area.

It 1s another object of the present mnvention to provide a
method for fabricating the above-mentioned ESD protection
device.

Accordingly, the present mmvention achieves the above-
identified objects by providing an electrostatic discharge
protection device, comprising: a semiconductor substrate of
a first conductivity type; 1solating structures formed on the
substrate to define an active region therebetween; a stacked
cate formed on the substrate within the active region,
wherein a plurality of trenches are formed 1n the substrate at
one side of the stacked gate; a pair of source/drain regions
of a second conductivity type formed in the substrate at
opposing sides of the stacked gate, wherein one of the
source/drain regions 1s formed along the periphery of the
trenches.

The present invention achieves the above-identified
objects by providing a method for fabricating an electro-
static discharge protection device, comprising: providing a
semiconductor substrate of a first conductivity type; forming
isolating structures on the substrate to defilne an active
region therebetween; forming a stacked gate on the substrate
within the active region; forming a plurality of trenches in
the substrate at one side of the stacked gate; and forming a
pair of source/drain regions of a second conductivity type in
the substrate at opposite sides of the stacked gate, wherein
one of the source/drain regions 1s formed along the periph-
ery of the trenches.

The present invention achieves the above-identified
objects by providing an electrostatic discharge protection
device, comprising: a semiconductor substrate of a first
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conductivity type; 1solating structures formed on the sub-
strate to deflne an active region therebetween, wherein a
plurality of trenches are formed in the substrate within the
active region; and forming a doped region of a second
conductivity type in the substrate along the periphery of the
trenches.

The present i1nvention achieves the above-identified
objects by providing a method for fabricating an electro-
static discharge protection device, comprising: providing a
semiconductor substrate of a first conductivity type; forming
i1solating structures on the substrate to deflne an active
region therebetween; forming a plurality of trenches 1n the
substrate within the active region; and forming a doped
region of a second conductivity type 1n the substrate along
the periphery of the trenches.

BRIEF DESCRIPTION OF THE DRAWINGS

Other objects, features and advantages of the present
invention will become apparent by way of the following
detailed description of the preferred but non-limiting
embodiment. The description 1s made with reference to the
accompanying drawings, wherein:

FIG. 1 schematically depicts an ESD protection circuit
diagram constituted by two MOS ftransistors;

FIG. 2 schematically depicts another ESD protection
circuit diagram constituted by two diodes;

FIG. 3 depicts an elevated cross-section view of a con-
ventional MOS transistor fabricated in a semiconductor
substrate;

FIG. 4 depicts an elevated cross-section view of a con-
ventional diode fabricated 1n a semiconductor substrate;

FIGS. 5A-5C depict 1n an elevated cross-section view of
the process flow of one preferred embodiment according to
the present invention; and

FIGS. 6 A—6C depict 1n an elevated cross-section view of
the process tlow of another preferred embodiment according
to the present.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring to FIGS. 5A-5C, the process flow of one
preferred embodiment 1s depicted 1n an elevated cross-
section view. According to the present invention, an ESD
protection device 1s fabricated 1 a semiconductor substrate
5, for instance, a P-type silicon wafer. In these drawings, a
method for fabricating an ESD protection device of an
NMOS ftransistor 1s shown.

First, as shown 1n FIG. SA, 1solating structures 50 are
formed on the predetermined region of the substrate 5 to
define an active region 500 therebetween. The 1solating
structures 50 might be field oxides formed by a local
oxidation of silicon (LOCOS) process. Accordingly, the
active region 500 1s bounded by the field oxides.

Then, as shown 1n FIG. 5B, a silicon oxide layer 1s
thermally grown on the substrate 5 not covered by the
1solating structures 50 as a gate dielectric layer 51. A gate
clectrode layer 52 is therecafter formed to cover the gate
dielectric layer 51. For example, the gate electrode layer 52
might be a polysilicon layer formed by chemical vapor
deposition (CVD). After patterning by photolithography, the
cgate electrode layer 52 and the gate dielectric layer 51 are
subsequently etched to form a stacked gate 53 as depicted in
FIG. 5B. After that, the substrate 5, at one side of the stacked
cgate 53, 1s patterned and etched to form a plurality of
trenches 54, preferably, by reactive 1on etching. Each of
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those trenches 54 are shaped to have a depth of about 1-5 um
and a width of about 0.5-31 um.

Next, as shown 1 FIG. SC, an 1on implantation process 1s
performed by utilizing the stacked gate 53 and the 1solating
structures 50 as a mask. If the fabricated device 1s an NMOS
transistor, the 1ons are N-type impurities, such as As+ or P+,
which are implanted into the substrate § to form a pair of
source/drain regions 55 and 56. Since the trenches 54 are
formed at one side of the stacked gate 53, one of the
source/drain regions, for example, the region 56 as depicted
in FIG. SC, 1s disposed along the periphery of the trenches
54. Accordingly, the area of the source/drain region 56 is
enlarged 1n the vertical dimension, without consuming addi-
tional horizontal chip area. When an ESD event occurs, the
vertically enlarged area can rapidly discharge the ESD
current appearing at the Input/Output pad 2 so as to prevent
the internal circuit 1 from incurring ESD damage.

Furthermore, as depicted in FIG. SC, the source/drain
region 56 should be disposed along the periphery of the
trenches 54. Therefore, a two-step 10on 1mplantation proce-
dure 1s implemented, which requires firstly tilting the device
at an angle of about 15°—45° with respect to the plane of the
substrate 5 for implanting ions to the sidewalls of the
trenches 54, then secondly implanting 1ons without tilting
the device (i.e., at nearly zero degrees). Then, sequential
steps of depositing oxide or SOG (spin-on-glass) filling the
trenches 54, forming contact windows therethrough, and
forming contact metals connected to the source/drain
regions 55 and 56, respectively, are therealter processed.

Referring to FIGS. 6 A—6C, the process flow of another
preferred embodiment 1s depicted mm an elevated cross-
section view. According to the present invention, an ESD
protection device 1s fabricated in a semiconductor substrate
6, for instance, a P-type or an N-type silicon wafer. This
embodiment utilizes a P-type substrate as exemplified. In
these drawings, a method for fabricating an ESD protection
device of a diode 1s depicted.

First, as shown 1n FIG. 6A, 1solating structures 60 are
formed on the predetermined region of the substrate 6 to
define an active region 600 therebetween. The 1solating
structures 60 might be field oxides formed by a local
oxidation of silicon (LOCOS) process. Accordingly, the
active region 600 1s automatically bounded by the field
oxides.

Then, the substrate 6, within the range of the active region
600, 1s patterned and etched to form a plurality of trenches
62, preferably by reactive 1on etching. Each of those
trenches 62 are shaped to have a depth of about 1-5 um and
a width of about 0.5-3 um. Next, as shown 1n FIG. 6C, an
ion 1mplantation process 1s performed by utilizing the 1so-
lating structures 60 as a mask. If the substrate 6 reveals
P-type conductivity, the 1ons are N-type impurities, such as
As+ or P+, which are implanted mto the substrate 6 to form
a doped region 64 along the periphery of the trenches 62.
Theretfore, a PN junction 1s formed between the doped
region 64 and the substrate 6. Accordingly, the area of the
PN junction 1s enlarged in the vertical dimension, but
without consuming additional horizontal chip area. When an
ESD event occurs, the vertically enlarged area can rapidly
discharge the ESD current appearing at the Input/Output pad
2 so as to prevent the internal circuit 1 from incurring ESD
damage.

Furthermore, as depicted in FIG. 6C, the doped region 64
should be disposed along the periphery of the trenches 62.
Therefore, a two-step 1on i1mplantation procedure 1s
implemented, which firstly tilting the device at an angle of
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about 15°—45° with respect to the plane of substrate 6 for
implanting 1ons to the sidewalls of the trenches 62, then
implanting 1ons at nearly zero degrees. Then, sequential
steps consisting of depositing oxide or SOG (spin-on-glass)
filling the trenches 62, forming contact windows
therethrough, and forming contact metals connected to the
doper region 64, are thereafter applied.

Alternatively, a N-type substrate and a P-type doped

region can be used to constitute the diode by using the
method depicted in FIGS. 6 A—6C.

In conclusion, the present invention discloses two kinds
of ESD protection devices, an MOS transistor and an diode,
and therr method of fabrication. The MOS transistor is
fabricated 1n a semiconductor substrate having a plurality of
trenches formed 1n the substrate at one side of its gate. One
of the source/drain regions of the MOS ftransistor 1s formed
in the substrate and disposed along the periphery of those
trenches. The diode 1s fabricated 1n a semiconductor sub-
strate having a plurality of trenches formed therein. A doped
region 15 thereafter formed in the substrate and disposed
along the periphery of those trenches. Accordingly, either
the MOS transistor or diode has a enlarged area along the
trenches 1n the vertical dimension to effectively prevent ESD
damage, without consuming additional horizontal chip area.
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What 1s claimed 1s:
1. An electrostatic discharge protection device, compris-
Ing:

a semiconductor substrate of a first conductivity type;

1solating structures formed on said substrate to define an
active region therebetween;

a stacked gate formed on said substrate within said active
region, wherein a plurality of trenches are formed 1n
said substrate at one side of said stacked gate;

a pair of source/drain regions of a second conductivity
type formed 1n said substrate at opposite sides of said
stacked gate, wherein one of said source/drain region 1s
formed along the periphery of said trenches.

2. The device as claimed 1n claim 1, wherein each of said
trenches has a depth in a range between about 1-5 y#m and
a width 1n a range between about 0.5-3 um.

3. The device as claimed 1n claim 1, wherein said stacked
cgate comprises a gate electrode layer overlying a gate

2V dielectric layer.

4. The device as claimed in claim 1, wherein said 1solating,
structures are field oxides.
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